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The acute toxicities of benzene, toluene, ethylbenzene, p-xylene,
o-xylene were determined for striped bass

96-hr LCs, ranged from 2.0 to 11 ul/l (ppm)
(ppm) for bay shrimp. Solubilities of the
chromatography in 16 C (61 F) seawater
procedure for dosing the animals. The solu
230 pl/l (ppm), respectively,
bay shrimp. The toxic effect
as demonstrated by the diff

m-xylene, and
and bay shrimp by static bioassay. The
for striped bass and from 0.49 to 20 wi/l
se aromatics were determined by gas
with a salinity of 25°/,, as part of our
bilities were 1400, 330, 180, 180, 210, and
which is high enough to be lethal to striped bass and
of the aromatics was more latent in shrimp than in fish
erence in the 24- and 96-hr tests.

INTRODUCTION

Fish and aquatic invertebrates in San Francisco Bay are continuously being
exposed to crude oil and its refined products as a consequence of the many
petroleum spills occurring every year in the bay (U.S. Coast Guard Reports
1971-1975 2). Due to the petroleum chemicals in the bay and the programs
initiated to clean it up, the acute and chronic effects of petroleum products on
the marine biota in San Francisco Bay are of interest.

Aromatic hydrocarbons, being among the more toxic fractions in petroleum,
are receiving much attention; this is especially true with the polycyclic aromatics
some of which are carcinogenic. Aromatics are cyclic compounds containing
one or more unsaturated rings, benzene being the simplest in the homologous
series. Our research efforts were directed toward the monocyclic aromatics for
several reasons: their mammalian toxicities (Stecher 1968; and American Petro-
leum Institute 1960a, 19606, 1960¢): relatively high composition in crude oils
and its products (Goldstein and Waddams 1967); the excess production of
aromatics by reforming crude oils (Horne and McAfee 1960); and water
solubilities (Mackay and Wolkoff 1973; and Benville and Korn 1974) . Six mono-
cyclic aromatics were chosen for static bioassays with striped bass (Morone
saxatilis) and bay shrimp (Crago franciscorum). The six aromatics—benzene,
toluene, ethylbenzene, p-xylene, m-xylene and o-xylene—predominate in the
aromatic fraction of many crude oils (Goldstein and Waddams 1967; and Ander-

' Accepted for publication September 1976.

2 Pollution Incident Reporting System (PIRS), computer printouts available through U.S. Coast Guard, 12th District
630 Sansome St., San Francisco, CA 94111,
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i because it is an important recrea-
I. 1974). The striped bass was chpsen, i .
o e|tfz;ls,h in this region; the bay shrimp is a popular bal.t and an important food
[ ism for striped bass and other fishes in the bgy. Bioassay mform_atlon was
rgadned as a preliminary step to studies of chronic effects of aromatics.
nee

MATERIALS AND METHODS

Mature bay shrimp {mean weight 1.8 g, 0.063 o.z) were acquired frorfn a Iotchal

+ dealer and juvenile striped bass {mean weight 6.0 g 0.21 oz) from le
o of Reclamation fish diversion facility at Tracy, California. The animals
s climated in seawater (Korn 1975) for one week before'transfemng' the
e 2|lcinto bioassay tanks (180-liter or 48 gal fiberglass aquana).'The sahqlty
am(;nt‘zg;]perature of the seawater was 25°/,, and 16 C (61 F), respectively, which
% representative of bay conditions. ' e
areS turated aromatic solutions were prepared by shaking seawater wi ! a

ass of the aromatics in a 20-liter (5.3 gal) polyethylene carboy for three
i nd intervals and allowing the mixture to settle for 1 hour. After gas
10_Secgktographic analyses of the saturated solutions, the.proper volume was
Ch'ror:j]into the bioassay test aquaria, each containing ten an‘lmals. A100ml (3.38
e ater sample was taken from the bioassay test aquaria at 0-, 24-, 48-, 72-,
ozzj \tl)ve,-hour intervals for analysis. The water samples were extracted with 9.7
an| (0.33 oz) TF Freon (trichlorotrifluoroethane) in a separatory funnel and a
m_4 I aliquot of the Freon extract injected into a Micro-Tek 220 gas chromato-
: }tte uipped with a dual flame ionization detector. Two 6-foot columns were
gra[()j thS C (221 F)—a 5% Bentone 34 and 10% didecylphthalate on 80/100
rom sorb PAW, and a 5% SP-1200 and a 5% Bentone 34 on 100/120 supel-
ChrOTtoThe first c<l)|umn was used for quantifying benzene, and the sgcond was
COp((j) f(;r quantifying the other five aromatics. Aromatics were considered un-
:Z:ectable below 0.1 ul/I (ppm) for the concentrated extract or 0.01 /I (pr)tm)
for the water sample, since the water sample was concentrated by extrtaii lgg
with 1/10th the amount of Freon. The concentration values were co:rec em l)e/
the percent recovery of the first extractions of a 100 ml (3.38 0z) wg/er sz:e p
with 9.7 ml (0.33 oz) of TF Freon.3 All aromatics used were 99+% pure.

TABLE 1. Acute Toxicity of Six Monocyclic Aromatics to_Striped Bass and Bay Shrimp at
’ 16 C and 25°/,, Salinity in Static Bioassays

Striped bass Bay shrimp
%
Extracted b 96-hr b %-hr
Solubity * | w/TF -

Components Zt///)y freon | [Cso | B5%CL | 1Coo | 5%CL | [Coo | 5% CL (s 95% CL
Benzene ... 1400 9 | 6.9 i 5.8 — 22 20—3; 2(: . 31?:528
Toluere ...... 330 93 7.3 — 7.3 —1 12 10~ X 1-5.
Ethylbenze- )

4 n:?.zf.. 180 82 43| 3947 43| 3947 2.2 — 0.49 0.22;_]‘4§
m-xylene..... 210 78 9.2 | 83-10 9.2 | 83-10 48 3.6—2.; 3; : .1—1 .6
o-xylene ... 230 74| 1 94-12 | 1 9.4-12 5.3 | 4.4-6. 2.0 . ——
pxylene ... 180 78| 20 —1 20 —1 20 — !

* Solubility in 25° awater at 16 C (61 F). . "
**No Afden llx;.:u:: were calculated from tests without partial mortalities.

—_—

. : i i i ice, NOAA.
* Reference to a trade name does not imply endorsement by the National Marine Fisheries Service,
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The guidelines for the static bioassays were those outlined by Doud
al. (1951), except for modifications mentioned in this section. The meth
to compute the 24- and 96-hour LC,, and the 95% confidence limits Wag
described by Litchfield and Wilcoxon (1949). Confidence limits were not g
culated for tests without partial mortalities.

Water concentrations were analyzed with a curve-fitting program to deg
the volatilization of aromatics over the elapsed time
program modified by Richard Faris at Tiburon Labor

Oroff g
od used

Cribe
(Hewlett Packard BASIC

atory).

RESULTS

There were toxicity differences between the six aromatics for both the striped
bass and the bay shrimp (Table 1). The range in the aromatic toxicities varied
more for bay shrimp (.49-22 ul/l, ppm) than for striped bass (2.0-11 pl/|, ppm)
at both time intervals (24- and 96-hr). The tolerance of these animals to the six
aromatics within the 24-hr period indicated that benzene and toluene were more
toxic to striped bass than to bay shrimp. Ethylbenzene, m-xylene and o-xylene
were more toxic to bay shrimp than to striped bass for the 24-hr period. P-xylene
exhibited the same toxicity for both animals at the 24- and the 96-hr intervals,
The “toxicity order” of toluene reversed at the 96-hr interval, toluene being
more toxic to bay shrimp. The toxicity of the other aromatics for the 96-hr period
remained the same as for the 24-hr period.

Lethal concentrations of aromatics resulted in rapid mortalities of the striped
bass. Almost all of the striped bass mortalities occurred within the first six hours
of the bioassays. The latent toxic effects were more prevalent with bay shrimp
than with striped bass during the testing period. Benzene was the only aromatic
that showed a delay in its toxicity to both animals. P-xylene exhibited no differ-
ence in toxicity over the two time intervals to both species. Toluene, ethylben-
zene, m-xylene and o-xylene were more toxic to bay shrimp at the 96-hr interval
than at the 24-hr interval; however, these aromatics exhibited the same toxicity

at both time intervals to striped bass.

There was a large difference in the solubility between the monocyclic aromat-
ics in 25°/,, seawater at 16 C (61 F). Benzene was the most soluble (1400 wi/l,
ppm) and ethylbenzene and p-xylene the least (180 wl/l, ppm).

The extraction efficiency determined by multiple extractions of the six aromat-
ics from seawater (25°/,, salinity) was high for a 1:10 Freon to seawater ratio.
One extraction resulted in recoveries of 74.1 to 93.1%.

The concentrations of the six aromatics in the aquaria decreased linearly each
day, in most instances. In some cases the concentrations followed a logarithmic
decrease (Table 2). Average percent losses for the four time intervals (24-, 48-,
72-, and 96-hr) were 38, 61, 85, and 96%, respectively.

DISCUSSION

The monocyclic aromatics appear to be moderately toxic to fish relative to
other pollutants tested in the past. For example, bioassays with fingerling rain-
bow trout in fresh water at 12 C (54 F) resulted in the following LCsy,: Antimycin
30-70 pptr, DDT 8-11 ppb, and acetone 8 ppth.4

Striped bass succumbed rapidly to a lethal aromatic concentration with most
of the fish expiring within 6 hours. The rapid mortality rate with aromatics in the
“Benville, P. E. Jr., June 1976. The Acute To.

e, | 4 xicity of Nine Hydrophilic Solvents and Their Effect on the Acute
Toxicity of DDT to Rainbow Trout. Unpublished manuscript, pp. 1-13. NMEFS, Tiburon Laboratory, 3150
Paradise Dr., Tiburon, CA 94920.
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TABLE 2. Percent Loss of Aromatic Concentration in Test Tanks

Initial
conc. in ,
Compounds wl/l Percent loss
0 hr 24 hr 48 hr 72 hr 96 hr
: 99
......... 35 11 34 >99 >
Benzene ................................. o - . % 2%
10 28 51 64 gg
19 37 54 64
22 27 55 66 78
31 39 — — :
34 38 — —
............. 45 38 56 >99 > 93
TOIUBNE.coemsssrrssssssssnenssssss 2 ’ = " X
16 44 —_ Rk, :
21 29 — “
29 31 — — —
I L iniosnnsinssssassnsssipsshoss 1.0 >99 >99 >99 > gg
fthylbenzene ......... W o . e >
5.9 >99 — — :
12 38 — . -
20 40 — —
1.1 21 47 66 >99
MXYIENE ovvvrreresannnsnsssisssssssssssns i 2 ! - o
8.5 45 66 84 99
13 35 — i —
..... 13 32 82 >99 >99
P L1 YT i 2 o g o
9.3 23 49 95 >99
18 33 — = —
JENE ceoreerrreriseeesseasessesasanaanens 1.0 19 38 59 >‘3‘3
B Ty — 1 2 = »
7.0 21 — — —

i he bioassay has been observed by other researchers (Picker-
fl::;t:%v Sggése?sfc:nﬁ%& ang Morrow 1974). In contrast, a greater Iaga'?ft effect
was exhibited in bay shrimp than striped bgss as evidenced by tft;e }l\ er(;\gs
in LCs, between the 24-hr and 96-hr tests. This delayed eff(—;‘ct may be ¢ aﬁa cer-
istic of invertebrates or of the stage the fnver-tebrates are in (Karln;:n arzi P
1974). These authors noted a toxicity difference betweer} t.he 24-hr and. i
LCsy. of crab to crude oil in the postmolt stage but no toxicity difference in

e .
pr?{n a(g:)es:rg that the location of the two methyl groups on the ber";z?n(:orl:ni
affects the toxicity of the xylene isomers. P—xy}ene with the two met ){hg oL (?s ;
located at the opposite ends of the benzene ring makes the p-isomer the st
stable and the most resistent to detoxification, whereas the ortho acrirangelrgebe
with the two adjacent methyl groups would be the !east stable ;:jnf V:t?u24-hr
most easily detoxified. This hypothesis held true for stnped bass atr: 9grh zxce f
bay shrimp bioassays, except for o-xylene at the 96-hr ln‘terval. T ? h‘- rromatri)c
tion in bay shrimp may be explained by the delayed toxic effect of this a
on invertebrates.
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o C/‘?(reormatlacsdaIpﬁ{pear to be more toxic to striped bass than to other fingerling
vl hgardn Wat:r:(?ersgln (1’ﬁ6?|) rheported on the following LCs, vaIUe;nig fish,
or bluegill, flatheads, goldfish and i N soft
benzene; 24-59 ppm for . Shc guppies; 22-37
” toluene; 32-97 ppm f hylb
for xylene. Our values f y PR Jor.ety benzene; and 2137
: or 96-hr test ranged from 2.0 to 11 ;
; : h . ppm for
:)ootisil)bale causes fgr the dlffergnces in toxicity values (LCsy.) could ljte”;t?d- bass,
o hssa‘ly tlechnlqug. The bioassay technique must be adapted to the Ch”bu'ted
compoKS'ga ﬁmpemes of the toxicant being tested. This is especially tr il
aronf)aticr; lsntt ;: havteta h_|gh vollatility and a low solubility as in the Cas: (:)f“;'}:h
: past, toxicity values (LCsy,) for aromatics were &
: , s calcul
gl‘le ;fn:ﬁunt of thg aromatic poured into the test aquaria. This procedurei1 taed from
onlva Stren alr'omattilc gofesh into solution which we found has not been th:;sm]es
all portion of the aromatic will dissol lting i : Case,
This problem was overcom i ve, Fesulting in a higher LGy v
: e by making a saturated soluti 2
analytically determining the con : solution of the aromat;
4 : centration of the aromatics, and diluti <
saturated solution to the desired concentration. The'concentration of tLZtégfu thte
rat-

ed aromatic solution can be dupli
upli fad
condarit plicated when the salinity and temperature are

It is interesting to note that i i
. an increase in
aromatic that wi!l dissolve. For exam ini
! ; ple, the 25°/., i i
;‘?dy"cedd the concentration of benzene in a satur/atesdflslg;mgzefdrc;:wt?%b;Oassays
istilled water to 1400 ppm, and of tol G
1 , uene from 401 to 330 (Benvill
1974). The solubility of benzen bty
) e was affected the most by the increase in salini
. . . Se
VMJ::E 2 g(iog% /:,e?el:jclflc(? in cljtussolved benzene; toluene solubility was affelcntgghlglstsy
lon. It appears that, as aromatics b ’
complex, their solubility is less affe | ini  colubility of
, cted by salinity. Th lubili
zene and the xylene isomers wo e e ifecioqts bt
uld propably be even | f ini
o e e e opably ven less affected by salinit
: e the solubility data t i e
the reported solubility data can S por s ot and
not be used because of the i i ies whi
are encountered with compounds belo in solobiity. G
the 10,000 lubili
Westlake, and Jaglan (1968) h . 5 Tentons for it
- . ¢ a i i :
Cios in seldbility o ve suggested many reasons for the inconsisten-
str?;;:é/egggsff(g :)9;5)l P;as reported slightly higher LCs, values for benzene and
ol et MT{1 or ppm for 96_—hr). One reason for a higher value is a
e ek ique. The benzeqe was introduced at a slow rate until the desired
goncenratio was reached: Thl.S would reduce the trauma experienced by the
Latere\?v fybare placed in high aromatic concentrations.
biccheas Sglruﬁozsf;l/glfd Set9 glhr(ﬂg%) wlhicll: i}r:cludes quantitative analyses of
103 _ s0 results higher than results we found using a
\s/:/r:;‘learz ;y{)s (z)(f) shlr;rlnp (Palaemeontes) . Their LCy, values compared to our resflts
e MI/I Eppm) for benzene, 9.5 to 4.3 pl/l (ppm) for toluene and
hfH b t.e n ppm) with xylengs. The difference in results may be ex-
Sy r); tmperat_ure and species differences between the two studies.
M atie edne Ce;xpgnment was based on a single dose test where the concentra-
e fueas!ng over time. The loss of these aromatics in most instances
e nctlgnhwhen compa;ed to five other functions (exponential,
poder eston, and three hyperbohc functions). The aromatic concentration
Sk e ;\ccurﬁtely gredl_cted at any time interval because of uncontrolled
uch as change in biomass from mortalities during the test and fungal

salinity lowers the amount of
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nd pacterial degradation. The mggnitude of these aqd other losses (volatiliza-

fion, sorption, etc.) can be determined (_)nly by measuring the amount of toxicant
left in the water. Then an accurate toxicant exposure level and the persistence
of the toxicant in the water are known. Our analysis showed that more than half
of the aromatic usually volatilized within 48 hours, with an average biomass of
043 g/l (0.056 standard deviation).
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